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DESCRIPTION 



METrfOD FOR CONTROLLING TRANSMIT POWER IN A COMMUNICATION 

SYSTEM 

TECHNICAL FIELD 
The present invention relates to a method for 
controlling transmit power in a mobile communication system, 
mord particularly, a method for controlling transmit power 

! 

10 in ai mobile communication system to which a code division 

i 

mult;iple access (CDMA) mode is applied. 

BACKGROUND OF THE INVENTION 
In the CDMA mode, a plurality of mobile stations share 
[n 15 a sajme frequency band to communicate with a base station. 
'j^ Therefore ^ in the case of a communication between a mobile 

" i 

statiion A and a base station, for exeimple, a signal from 

IZ another mobile station B to the base station (an undesired 

%ij I 

H sigrial) interferes a signal sent from the mobile station 

" i 

20 A td) the base station (a desired signal) to obstruct a 
comntunication between the mobile station A and the base 
station. Similarly, the signal sent from the mobile station 
A obstructs a communication between the mobile station B 

i 

and !the base station. 

1 

25 I The interference level increases relative to a 

rec4iving level of an undesired signal wave received by the 
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basej station. The receiving level of the undesired signal 

is relative to the transmit power at the time the undesired 

1 

signjal is sent from a mobile station • Thus, it is necessary 
for |the base station to control the transmit power from 

mobile stations so that the receiving level in the base 

t 

statiion should be always minimum essential, in order to keep 
the jinterf erence level minimum. Under an ideal situation 

of this control, the number of channels available for 

1 

communication becomes the largest , while the number of 

channels available for a communication would decrease as 

I 

the jsituatlon goes away from the ideal. 

i Concerning a technology in controlling transmit power 

i 

in aj CDMA mobile communication, provided a transmit power 
conljrolling method described in IMT-2000 Study Committee, 
AlrXlntGrfBOB P/G. SWG Document Title: Volume 3 
Sped^lficatlons of Air- Interface for 3G Mobile System, 
Souf[ce: SWG, Version: 0-4.0, Date: December 18^ 2PP7 tssu&d 

i 

by DiENPA SANGYOUKAI , for example (referred to as "W-CDMA 
mode!", hereinafter). A transmit power controlling method 
in ihe W-CDMA mode will be described below • In the 
descjription, an upstream direction means a direction of 

i 

sending signals from a mobile station to a base station and 
a downstream direction means a direction of sending signals 
frorJ a base station to a mobile station, 

j A base station measures a signal to interference power 

j 

ratiio (SIR) of a signal sent from a mobile station in the 
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upstlream direction to transmit a transmit power controllijig 
signjal in accordance with the measured SIR, A structural 
diagram of a conventional base station is shown in Figure 
29. A signal received by an antenna 210 passes through a 
5 circulator 211 to take a process of modulating a base band 
signal and a process of receiving at a high/middle frequency 

in a radio module for receiving 212. The base station 

I 

carrjies out processes of synchronous capturing and reverse 
spreading of the received signal in synchronous 
10 captjuring/reverse spreading circuits 213a to 213n in which 
a parameter is set for each mobile station, since the 
Q received signal is a multiplex signal from a plurality of 

Q mobile stations (referred to as MSa to MSn) • The signal 

m outplut from the capturing/reverse spreading circuits 213a 

to ?13n is input to detecting potions 214a to 214n, 

i 

respjeotively , to take a detecting process such as 
compensation for a phase rotation. The signal output from 
the (^etecting portions 214a to 214n is input to demodulating 
port|ions 215a to 215n, respectively, to take an error 

20 con-^rolling process such as de-interleave and Viterbi 

j 

decojding. and then, are used as received data. 

On the other hand, the signal output from the 
capturing/reverse spreading circuits 213a to 213n is input 
to an upstream channel SIR measuring portion 221 through 
25 signal lines 220a to 220n, respectively. The. upstream 
channel SIR measuring portion 221 measures SIR of the 
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ived signal input through the signal lines 220a to 220n. 



resp^ectively (referred to as SIRa to SIRn) , to input the 
SIRa to SIRn to an upstream channel transmit power 
controlling signal generating portion 222 through the 
sigrjal lines 230a to 230n. 

I The upstream channel transmit power controlling 
signjal generating portion 222 compares SIRa to SIRn with 
target SiRs given for MSa to MSn in advance by a controlling 
portion 500 (referred to as T-SIRa to T-SIRn) to generate 
tranjsmit power controlling signals (TPCa to TPCn) for MSa 
to hisn . The controlling portion 500 is an element that 
controls a whole base station and that transmits various 
signals to each element in the base station. In Figure 29, 
signjal lines are omitted other than the line to tlxet upstream 
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nel transmit power controlling signal generating 
ion 222 in order to simplify the diagram. A structure 



of the controlling portion/the upstream channel transmit 
powejr controlling signal generating portion 222 is shown 
in fe'igure 30- The upstream channel transmit power 
controlling signal generating portion 222 comprises 
transmit power controlling signal generating portions 222a 
to 2}22n whose inputs are SIRi and T^SIRi and whose outputs 
are TPCi. The added character "i" denotes one of characters 
to "n". A structure of a transmit power controlling 
sigrtal generating portion 222i is shown in Figure 31, A 
comparator 223i compares SIRi and T-SIRi input through a 
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signlal line 2T0i to generate a signal that selects 0 in a 
selector 224i in the case of SIRi a T-SIRi, and a signal 
thati selects 1 in the selector 224i in the case of SIRi < 
T-SIRi, The selector 224i selects either 0 or 1 in 
acco|rdance with an output from the comparator 223i to output 
it dkS TPCi through a signal line 231i. The TPCi = 0 is a 
signal that instructs a mobile station to reduce the 
trarismit power. On the contrary, TPCi = 1 is a signal that 
inst^ructs a mobile station to increase the transmit power. 

Frame forming portions 225a to 225n shown in Figure 
29 form transmission data to MSa to Msn, the data which took 
an error controlling process such as fold-encoding and 
interleave in encoding portions 222a to 222n^ and the 
transmit power controlling signals TPCa to TPCn. which are 
inpJt from the upstream channel transmit power .contr-olling 
gigJal generating portion 222, into frames in accordance 
witJ a format defined in the system. Spreading circuits 
223J to 223n carry out a spectrum spreading process for 
outputs from the frame forming portions with a parameter 
corresponding to MSa to MSn. An adding circuit 22 6 adds 
transmission signals in order to multiplex signals for MSa 
to MSn, The transmission signals output from the adding 
cirduit 226 are transmitted from the antenna 210 after 
passing through a radio module for transmission 224 and a 
circulator 211. 

A mobile station MSi receives the aforementioned 
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transmit power controlling signal TPCi to change the 
trarismit power in accordance with a result of demodulation. 
A structure of a conventional mobile station is shown in 
Figure 32, A signal received by the antenna 10 passes 
thrcfugh a circulator 11 to take a process of demodulating 
a baie band signal and a process of receiving at a high/middle 
frequency in a radio module for receiving 12. 

j A mobile station carries out processes of synchronous 
captjuring and spectrum reverse spreading of the received 
sigJal in a synchronous capturing/reverse spreading circuit 
13 in which a parameter is set for a channel being used in 
the mobile station, since the received signal is a multiplex 
signal in a plurality of channels. The signal output from 

the I synchronous capturing/reverse spreading circuit 13 

! 

15 takejs a detecting process such as compensation for a phase 

i 

rotdtion in a detecting portion 14 and takes an error 

i 

controlling process such as de-interleave and Viterbi 
decoding in demodulating portion 15, so as to be used as 
received data. 

After output from the detecting portion 14, the 

i 

recejived transmit power controlling signal passes through 
a signal line 16 and is input to a transmit power controlling 
signal determining portion 40. The transmit power 
contjrolling signal determining portion 40 determines 



25 whetlher the received transmit power controlling signal is 



j 

^0" j or 



The . transmit power controlling signal 
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determining portion 40 generates a controlling signal, 
whicih selects "-IdB"^ for example, as an output for a 
sel4ctor 41 when ttie result of determining the transmit 
pow^r controlling signal is *'0'' , and generates a controlling 
5 signal, which selects " + idB'', for example, as an output for 
the selector 41 when the result of determining is "1", to 

send the controlling signal to the selector 41, 

i 

j The selector 41 outputs either ^ + ldB'' or "-IdB", for 

t 

exa4ple. as a variation amount of the transmit power in 

10 accordance with a controlling signal input from the transmit 

I 

power controlling signal determining portion 40. 

A transmit power calculating portion 19 determines the 
charged transmit power, using the variation amount of the 
trarsmit power input from the selector 41 and the current 
trarsmit power input from a transmit power maintaining 

circuit 20, That is, the changed transmit power is 

I 

increased by IdB from the current transmit power when the 
selector inputs '' + ldB'', and it is decreased by IdB from the 

currjent transmit power when the selector contrary inputs 

I 

""l^B". 



j The transmission signal takes an error controlling 

i 

procjess such as, for example, fold- encoding and interleave, 
in tke encoding portion 22 to form a frame of a format defined 
in t:^e system in a frame forming portion 25, and then, takes 
a spectrum spreading process in a spreading circuit 23. A 
variable gain amplifier 21 amplifies transmission signals 
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at aj proper gain so that the signals could be transmitted 
at tjhe designated transmit power from the transmit power 
calojulating portion 19. The transmission signal output 
froni the variable gain amplifier 21 passes through the radio 
modijle for transmission 24 and the circulator 11, and then, 
is. tjransmitted from the antenna 10, 

i An example of a change of the transmit power of a mobile 
stat-lon in the case that the mobile station performs the 
above operation is shown as a solid line 62 in Figure 33. 
The [horizontal axis 60 shows the time, while the vertical 



axis 61 shows the transmit power of the mobile station. 
Results 83a to 83e of determining the transmit power 
controlling signal received at the times 120 to 124 are also 
shown in the horizontal axis 60. As shown in Figure 33, 

the rnobile station operates so as to increase the transmit 

i 

poweir by IdB at the times 122 and 124 when the result of 
detejrmining the controlling signal is "1" and so as to 
decrease the transmit power by IdB at the times 120, 121 
and 123 when the result of determining the controlling 
signal is ^0". 

I There are two problems solved by the invention as 
desciribed below- 

I First, there is a large possibility that the received 
transmit power controlling signal would result in being 
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dulated with an error, when the quality of receiving 



the [transmit power controlling signal in a mobile station 
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is bad. In this case, the conventional method that the 

I 

demodulated result is determined either "0" or "1" increases 
the possibility that the transmit power controlling signal 
is incorrectly determined to be a value different from the 
5 proper value . 

In the case that the transmit power controlling signal, 
which should be determined to be "1", is incorrectly 
determined to be "0", namely, in the case that a mobile 

stallion incorrectly decreases the transmit power at the time 

i 

10 wher> the transmit power should be increased, the quality 
of 4 signal received from the above mobile station would 
deteriorate in the base station. This causes the quality 
of ^ communication to be deteriorated, and furthermore, 

causes a communication to be cut off- 

I 

15 I To the contrary, in the case that the transmit power 



controlling signal, which should be determined to be "0" 



is j|.ncorrectly determined to be ''I", namely, in the case 

that a mobile station incorrectly increases the transmit 

I 

pow^r at the time when the transmit power should be decreased, 

i 

20 the j interference amount by the above mobile station to 
another mobile station would increase in the base station. 

i 

Therefore, deterioration of the communication quality and 
cut -i-of f of a communication occur in the other mobile station . 
Thi^ means ^ at the same time, that the number of mobile 
25 staiiions available for a communication would decrease, and 
as a; result, the communication capacity of the whole system 
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Will! be reduced. 

Moreover, the aforementioned deterioration of the 

nlunication quality and reduction of the communication 

j 

capacity of the system appear more significantly, when the 

5 result of determining the transmit power controlling signal, 

I 

whosle receiving quality is bad. is biased to either "0" or 

i 

"1" jdue to such as a component of direct current offset 

contlained in a receiver in a mobile station, 

I 

i Secondly, when a receiving operation stops earlier 

I 
I 

10 thari a transmitting operation as a controlling sequence in 



1 

the base station upon cutting off a communication, that is, 
an oi)eration of the synchronous capturing/reverse spreading 
circiuit 2131 (1=1, 2, n) stops earlier than that of 
the [upstream channel SIR measuriilg portion 221 in Figure 



15 29, jit is considered that the operation of the upstream 
charjnel SIR measuring portion 221 would become unstable, 
sincje the upstream channel SIR measuring portion 221 tries 

to [get SIRi from the output of the synchronous 

I 

captjuring/reverse spreading circuit 2131 whose operation 

20 hasjstopped. In this case, an improper transmit power 

I 

contjrolllng signal TPCi Is generated to be transmitted from 
the jbase station to the mobile station MSi. The mobile 

station MSi may perform transmission with an excessive 

I 
I 

transmit power, as a result of controlling the transmit 
25 pow4r in accordance with the above-mentioned improper 
trarismit power controlling signal TPCi. In this case, the 
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interference amount by a signal of the mobile station MSi 

I 

to ^nother mobile station increases in the base station. 
Thu4, the deterioration of the communication quality and 
cut -jof f of a communication occur in the other mobile station . 
Thi4 reduces the communication capacity of the whole system, 
lik4 the first problem. 

i DISCLOSURE OF THE INVENTION 

! 

! In order to solve the first problem, a structure 
i 

accdrding to the present invention is arranged so that a 
radio base station transmits a transmit power controlling 
signal for controlling transmit power of a mobile station, 
and jthat said mobile station calculates a likelihood of said 
transmit power controlling signal on the basis of the 

received transmit power controlling signal and the 

i . ■ 

I 

receiving quality to calculate a variation amount of the 

! 

traiismit power on the basis of said likelihood, so that the 

transmit power of the mobile station would be controlled 

I 

on the basis of the variation amount, 

i 

I Further, in order to solve the first problem, the 
inv4ntion is characterissed in that said likelihood is 

caldulated by further adding a perch receiving quality of 

! 

a siignal transmitted by said radio base station; that the 

1 

per4h receiving quality of a signal transmitted by said 

j 

radJ[o base station is compared with the receiving quality 
of k transmit power controlling signal so that it is 

i 

determined that a call is cut off in a channel being received 
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wheii only the receiving quality of the channel being 
received is deteriorated and it is determined that a 

i 

receiving condition is no longer proper due to a mobile 
station being in shade or the like when the both of the 

receiving qualities are deteriorated at the same time; and 

i 

thail the likelihood is calculated on the basis of a result 
of l|he determination. 

I In order to solve the first problem, the invention Is 
als4 characterized in that, when an absolute value of the 
likelihood of said transmit power controlling signal is 

lar^e , an upper limit value and a lower limit value of the 

i 

traqismit power of a mobile station are updated and 

i 

maiiitained so that the transmit power of said mobile station 
is limited between said upper limit value and said lower 

limJj.t value- 

I 

i In order to solve the first problem, the invention is 
als6 characterized in that an average value of the transmit 
power of a mobile station is calculated, and that the 

trarismit power of said mobile station is switched on the 

I 

basis of the si^e of said likelihood so as to be said 
calculated average transmit power of the mobile station or 
trarismit power of the mobile station that is calculated on 

i 

theibasis of said likelihood. 

In order to solve the first problem, the invention is 

i 
I 

characterized in that open loop transmit power is calculated 

i 
I 
I 

on the basis of the receiving quality or the receiving power 



I 

I 
I 

! 

of ajnotlior channel different from a channel being used, and 

j 

that the transmit power of said mobile station is switched 
on tlhe basis of the size of said likelihood so as to be said 
calculated open loop transmit power or transmit power of 

i 

5 the jmobile station that is calculated on the basis of said 
liK^lihood. 

! 

i In order to solve the first problem, the invention is 

i 

chairacterized in that said transmit power controlling 

i 

sigijial is a signal comprising two values, and that said 
10 likelihood is calculated so that an absolute value of the 

i 
j 

likelihood would be large when the receiving quality is good 

j 

and i so that an absolute value of the likelihood would be 

j 

smail when the receiving quality is bad. 

i 

! In order to solve the first problem, the invention is 
15 characterized in that the transmit power is increased when 

! 

saicfl likelihood is a first reference value or more, that 

I 

the I transmit power is maintained when said likelihood is 
le5| than said first reference value and the second 
reference value or more, and that the transmit power is 

20 decreased when said likelihood is less than said second 

t 
I 

reference value, 

j 

] In order to solve the first problem, the invention is 

characterized in that the transmit power is increased when 

sai(k likelihood is said first reference value or more, that 
I 

25 the I transmit power is toggle-controlled when said 

i 

likelihood is less than said first reference value and said 

I 
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I 

secpnd reference value or more, and that the transmit power 
is (decreased when said likelihood is less than said second 
reference value. 

I In order to solve the first problem, the invention is 
5 chaijacterized in that the transmit power is increased when 
sai4 likelihood is said first reference value or more, that 
a vajriation amount of the transmit power is made to be the 

pow^r corresponding to said likelihood when said likelihood 

j 

is less than said first reference value and said second 
10 reference value or more, and that the transmit power is 

i 

decileased when said likelihood is less than said second 

i 
\ 

Q reference value. 

1 In order to solve the first problem, a mobile station 
m accdrding to the invention comprises: receiving means for 

if=j 15 receiving transmit power controlling information 

S i 

y trarismitted by a radio base station; measuring means for 

n j 

measuring the receiving quality of a wave transmitted by 

n i 

^ said radio base station; likelihood generating means for 

;~ \ 

generating a likelihood of said transmit power controlling 
20 infdrmation on the basis of the transmit power controlling 
information received by said receiving means and the 

r . 

rec4iving quality measured by said measuring means ; 

I- » 

variation amount generating means for generating a 

i 

variation amount of the transmit power on the basis of the 

i 

25 likelihood generated by said likelihood generating means; 



and 



controlling means for controlling the transmit power 
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of 4 mobile station on the basis of the variation amount 
generated by said variation amount generating means. 

I In order to solve the first problem, a mobile station 
acGcirdin.g to the invention further comprises perch 

i 

receiving quality measuring means for measuring the 
receiving quality of a perch signal transmitted by said 

radio base station, wherein said likelihood generating 

1 

meaijis generates a likelihood with the receiving quality 
measured by said perch receiving quality measuring means 
tak^n into a consideration. 

j In order to solve the first problem, in a communication 

I 

sys-^em according to the invention, a radio base station 

I 

comprises; transmit power controlling information 
generating means for generating transmit power controlling 

information for controlling the transmit power of a mobile 

i 

station; and transmitting means for transmitting the 

i 

traijismit power controlling information generated by said 
transmit power controlling information generating means, 

i 

and I a mobile station comprises: receiving means for 

receiving the transmit power controlling information 

( 

transmitted by said transmit means; measuring means for 

measuring the receiving quality of a wave transmitted by 

i 

sai<i radio base station; likelihood generating means for 

I 

generating a likelihood of said transmit power controlling 
information on the basis of the transmit power controlling 
inf<brmation received by said receiving means and the 



receilving quality measured by said measuring means; 

i 

vari'ation amount generating means for generating a 

i 

varljation amount o£ the transmit power on the basis of the 
j 

likelihood generated by said likelihood generating means; 
and icontrolling means for controlling the transmit power 

of d mobile station on the basis of the variation amount 

! 

generated by said variation amount generating means. 

i In order to solve the second problem, the invention 
is dharacterized in that a radio base station measures SIR 

i 

for I every said mobile station to compare each of said 
measured SIRs with a target SIR given in advance, generates 
a transmit power controlling signal for decreasing the 
traijxsmit power when said SIR is the target SIR or more or 

I 

wheik said radio base station has stopped a peceiving 
operation for said mobile station, generates a transmit 

pow^r controlling signal for increasing the transmit power 

i 

wheh said SIR is less than the target SIR. and transmits 
said generated transmit power controlling signal to the 

mobile station. 

i 

i In order to solve the second problem, the invention 

is I characterized by a radio base station controlling 

\ 

trajnsmit power of a mobile station comprising: signal 
qviajlity measuring means for measuring signal quality of said 

i 
I 

mob'ile station; comparing means for comparing the signal 
qudlity measured by said signal quality measuring means with 

a piredetermined value; generating means for generating, as 

I 

i 



a rejsult of comparison in said comparing means , transmit 
powejr controlling information for decreasing said transmit 

i 

powejr when said signal quality is said predetermined value 
or .ipore and for generating transmit power controlling 
infc^rmation for increasing said transmit power when said 

i 

signjal quality is less than said predetermined value; and 
tranjsmitting means for transmitting to said mobile station 
the jtransmit power controlling signal generated by said 
gene'rating means. The above signal quality is SIR or the 
like'. 

j In order to solve the second problem ^ according to the 
invelntion, a radio base station controlling transmit power 
of ajmobile station comprises : receiving means for receiving 
a chjannel transmitted by said mobile station; controlling 

i 

mearis for controlling a receiving operation of said 
receiving means; generating means for generating 
insif^ucting information for giving an instruction to 
deci^ease the transmit power of said mobile station at the 

time when said controlling means stops the receiving 

j 

opei-ation of said receiving means; and transmitting means 

i 

r 

for j transmitting to said mobile station the instructing 
information generated by said generating means. 

i 
r 

In order to solve the second problem, according to the 

! 
i 

invention, a radio base station controlling transmit power 
of ai mobile station comprises : receiving means for receiving 

i 

a channel transmitted by said mobile station; controlling 



rneanis for controlling a receiving operation of said 
receiving means; generating means for generating 
instjructing Information for giving an instruction to 
decrjease the transmit power of said mobile station when said 
cont^rolling means tries to stop the receiving operation of 

said receiving means; and transmitting means for 

I 

transmitting to said mobile station the instructing 
information generated by said generating means before said 
receiving operation is stopped. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 shows a structure of a mobile station 
accc^rding to the invention. 

; Figure 2 shows a structure of a transmit power 
controlling signal likelihood calculating ^ portion 

accd>rdlng to the invention* 

i 

j Figure 3 shows a likelihood calculating method 

according to the invention. 

I Figure 4 shows a structure of a transmit power 



variation amount calculating portion according to the 

Invention . 

i 

I Figure 5 shows an example of an operation of a 
likelihood determining portion according to the invention, 

j Figure 6 shows an example of a change of transmit power 
of k mobile station according to the invention, 

i 

i Figure 7 shows a structure of a transmit power 
variation amount calculating portion according to the 
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inve|ntion, 

I Figure 8 illustrates an operation of a toggle portion 

i 

acccircling to tlie invention, 

i 

i Figure 9 illustrates an operation of a likelihood 
det4rmining portion according to the invention, 

1 Figure 10 shows an example of a change of transmit 
pow4r of a mobile station according to the invention. 

I Figure 11 shows a structure of a transmit power 
variation amount calculating portion according to the 
invention. 

r 

I Figure 12 illustrates an operation of a transmit power 
variation amount calculating portion according to the 

invention . 

I 

i Figure 13 shows an example of a change of, transmit 
pow4r of a mobile station according to the invention, 

1 Figure 14 shows a structure of a mobile station 

I 

according to the invention* 

j - 

i Figure 15 shows a structure of a transmit power 
variation amount calculating portion according to the 
invention . 

r 

I Figure 16 illustrates an operation of a likelihood 
detjarmining portion according to the invention. 

Figure 17 shows a structure of a transmit power 
conltrolling portion according to the invention. 

i 
r 

\ Figure 18 shows a structure of a transmit power limit 
valiue calculating portion according to the invention. 

i 19 
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! Figure 19 shows an example of a change of transmit 
power according to the invention, 

I Figure 20 shows a structure of a mobile station 

I 

acccjrding to the invention. 
5 I Figure 21 shows a structure of a transmit power 

selecting portion according to the invention. 

j Figure 22 illustrates an operation of a likelihood 
det^^ining portion according to the invention. 

I Figure 23 shows a structure of a transmit power 
10 sel4cting portion according to the invention, 

I Figure 24 shows a structure of a likelihood selecting 
O portiion according to the invention. 

1 Figure 25 shows a structure of a base station according 

CO ! 

m to the invention. 

m 15 I Figure 26 shows a structure of an upstream channel 

. f=i I 

- transmit power controlling signal generating portion 

5 according to the invention. 

; Figure 27 shows a structure of the transmit power 
controlling signal generating portion according to the 



20 invention - 

i 

I Figure 28 illustrates an operation of a selector 235i 
according to the invention, 

i Figure 29 shows a structure of a conventional base 
station . 

25 ; Figure 30 shows a structure of an upstream channel 

transmit power controlling signal generating portion 
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accdrdlng to the invention, 

j Figure 31 shows a structure of a conventional transmit 
powair controlling signal generating portion. 

Figure 32 shows a structure of a conventional mobile 
station - 

Figure 33 shows a conventional varying state of 
transmit power. 

Figure 34 shows a structure of a receiving quality 
calcSulating portion using perch receiving quality, 

i 

Figure 35 shows a communication system to which the 
present invention is applied . 

BEST MODE FOR CARRYING OUT THE INVENTION 

Figure 35 shows a communication system according to 
the ipresent invention. The communication system according 
to the invention includes a hase station 3500 and mobile 
stations 3501 to 3503- The mohile station 3501 is located 
close to the base station 3500 with its line state stable, 
so that an error of power controlling bit would be few and 

pow4r controlling would not be out of control. The mobile 

j 

stajtion 3502, however, has an obstacle 3504 such as a 
building on the way to the base station 3500, although it 
is ilocated close to the base station. Therefore, the 

i 

obstacle 3504 greatly attenuates the wave from the base 

! 

stajtion 3500, which may cause an error of the power 
controlling bit and the power control to be out of control. 
Purlther, the mobile station 3503 is located far away from 
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the jbase station 3500, so that attenuation or interference 
of tjhe wave may cause an error of th© power controlling bit 
and ithe power control to be out of control. The invention 
provides a much more stable communication system, in which 
5 the 'power control itself would not be out of control even 
wheA a mobile station is in a condition that an error of 
the I power controlling bit easily occurs, 

I Figure 1 shows a structure of a mobile station of a 
fir^t embodiment. Elements corresponding to those of a 

10 con\!rentional mobile station shown in Figure 32 are marked 

I 

witlii the same reference number. 

! A received signal is processed in an antenna 10, a 
li circulator 11, a radio module for receiving 12, a 

m I 
I 

Cn syniShronous capturing/reverse spreading circuit. 13 and a 

in 15 detecting portion 14, respectively, before being input to 
B a transmit power controlling signal likelihood calculating 

C3 i ■ 

portion 30 via a signal line 16, 

The transmit power controlling signal likelihood 

calculating portion 30 calculates likelihood of a transmit 

20 power controlling signal on the basis of the receiving 

quality of the received transmit power controlling signal 

i 

andja determined result of "0" or "1". A structure of the 
transmit power controlling signal likelihood calculating 
porjtion 30 is shown in Figure 2- A transmit power 
25 conitrolling signal 0/1 determining portion 40 determines 

i 

whether the received transmit power controlling signal is 



I 
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"0" lor "1" . 

I A receiving quality calculating portion 50 calculates 

i 

the I receiving quality of the received transmit power 
conirolllng signal to output it to a likelihood calculating 
5 portion 51, Basically, the receiving power, SIR, or the 
like, which Is measured on the instant upon receiving the 
transmit power controlling signal^ should he used as 
receiving quality calculated by the receiving quality 
calcj;ulating portion 50. On the other hand, a long time 

10 integral operation is required to accurately observe the 
receiving power or the SIR. In the case that the 
abOT^e-mentioned receiving power or the SIR integrated for 
a l<j)ng time (referred to as a long time integral value, 
hereinafter) is used for transmit power controlling ^ which 

15 is required to be performed at high speed, it is considered 
that the controlling delay would be increased, so that the 
traxjismit power cannot properly controlled. Therefore, the 
receiving quality calculating portion .50 calculates the 
receiving quality of the transmit power controlling signal, 

i 

20 usihg the above transmit power controlling signal and the 

i 

result of integrating the receiving power or the SIR of a 

i 

Signal received at the time close to receiving the above 
trahsmit power controlling signal (referred to as a short 
tlmfe integral value, hereinafter). 
2 5 \ Using the short time integral value may cause an 

incorrect calculation of the receiving quality when the 
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short time integral value is used for calculating the 
receiving quality as it is, since an error of the short time 

i 

integral value is considered to be large- Therefore, the 
receiving power calculating portion 50 may compare the long 
timQ integral value with the short time integral value, for 
exa4ple, so as to output the bad receiving quality when the 
difference of the both values is large- 

I The receiving quality calculating portion 50 also may 
perform the following operation in order to estimate that 
a receiving condition of a channel being received is no 
londfer proper due to cutting off a call or being in shade, 
A mcJbile station measures the receiving power or SIR of a 
chaiinel, which is always transmitted from the base station 
lik4 a perch channel in the W-CDMA mode, for example, and 
whose transmit power is known (referred to as perch 
receiving quality, hereinafter), A structure of the 
receiving quality calculating portion in this case is shown 
in liigure 34 • A perch receiving quality measuring portion 
300 Measures the above perch receiving quality . A comparing 
portion 301 compares the above-mentioned short time 
integral value and the perch receiving quality obtained by 
the: perch receiving quality measuring portion 300, A 

receiving quality determining portion 302 determines, in 

i 

accbrdance with a comparing result at the comparing portion 
30li that a call has been cut off in the channel being 
received when only the receiving quality of the channel 



ni J. **oo 



beirlg received is deteriorated, and that the receiving 
condition is no longer proper due to such a situation that 

i 

a mojbile station is in shade when the both is deteriorated 
at the same time, and then, outputs a bad receiving quality. 
5 I The likelihood calculating portion 51 calculates the 

likelihood of the above transmit power controlling signal 
on the basis of the result of determining in the transmit 
power controlling signal 0/1 determining portion 40 and the 
resiilt of calculating in the receiving quality calculating 
10 portion 50 . An example of a relation between the likelihood 
and I the results of determining in the transmit power 
Q controlling signal 0/1 determining portion 40 and of 

=-'1 calciulating in the receiving quality calculating portion 

}^ 50 is shown by a bent line 150 in Figure 3. The result of 

:t IS calculating the likelihood shown in Figure 3 will be 
described below. It is defined that the likelihood is a 
J"^ positive value when the result of determining the transmit 

H power controlling signal is 1. On the other hand, it is 

g • 

C3 defined that the likelihood is a negative value when the 

20 result of determining is 0, Further, it is defined that 
an kbsolute value of the likelihood is large when the 

i 
1 

receiving quality is good, while the absolute value of the 
likelihood is small when the receiving quality is bad. 
' The likelihood of the transmit power controlling 
25 sighal calculated in the above method is input to a transmit 
power variation amount calculating portion 31 in Figure 1. 
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The Itransmit power variation amount calculating portion 31 

calQulates the variation amount of the transmit power on 
I 

the jbasis of the likelihood of the input transmit power 
controlling signal, A structure of the transmit power 
5 variation amount calculating portion 31 in the first 
smbciciiment: is shown in Figure 4- A likelihood determining 
portion 70 generates a controlling signal for selecting 
either "+ IdB (increase)", IdB (decrease)" or "OdB (no 
chaiige)", for example, as the variation amount of the 
10 transmit power on the basis of the likelihood of the transmit 
pow4r controlling signal input from the transmit power 
□ controlling signal likelihood calculating portion 30 to 

'^4 output the generated signal to a selector 71. An example 

to : 

m of An operation of the likelihood determining pprtion 70 

m 15 in the fir st. embodiment is shown in Figure 5 . The likelihood 
l'^ determining portion 70 outputs to the selector 71 a 

controlling signal such that "+ IdB" is selected in the 
1^ selector 71, when the likelihood of the transmit power 

P controlling signal to be input exists within an area 100, 

20 whi<i:h is a+ or more. Similarly, the likelihood determining 
portion 70 outputs to the selector 71 a controlling signal 
such that ""OdB" is selected, when the likelihood of the 
transmit power controlling signal to be input exists within 
an area 101, which is a- or more and less than a+ , and the 
25 likelihood determining portion 70 outputs a controlling 
sigiial such that - IdB" is selected, when the likelihood 



26 



n X X <* o o 



of tjhe transmit power controlling signal to be input exists 
witAin an area 102, which is less than a-. The selector 

i 

71 sialects the transmit power variation amount in accordance 
with the controlling signal from the likelihood determining 
5 portion 70 to output the variation amount to the transmit 
pow^r calculating portion 19 shown in Figure 1. 

The transmit power calculating portion 19 shown in 
Figure 1 calculates the transmit power, as same as the case 
of the conventional mobile station, on the basis of the 
10 variation amount of the transmit power input from the 
transmit power variation amount calculating portion 31 and 
Q of tjhe current transmit power' input from the transmit power 

%j maintaining circuit 20, The transmission signal processed 

in the encoding portion 22 and the spreading circuit 23 is 
15 amplified so as to be transmitted at the aforementioned 
trailismit power in the variable gain amplifier 21, and then, 
passes through the radio module for transmission 24 and the 
circulator 11 to be transmitted from the antenna 10, 

An example of a change of transmit power of a mobile 
20 station in the case that the mobile station performs an 
operation in the first embodiment is shown as a solid line 
63 in Figure 6. As shown in Figure 6, the mobile station 
operates so that the variation amount of the transmit power 
would be OdB , that is , the transmit power would not be changed , 
25 foria time 103 in which the likelihood of the transmit power 
conitrolling signal is a- or more and less than a+ . 
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Next, an operation of a mobile station of the second 
embciaiment will be described- A structure of the mobile 

i 

sta1:ion in the second embodiment is shown in Figure 1 as 

i 

sam4 as that in the first embodiment. In the second 
embcidiment , a structure of the transmit power variation 
amoiint calculating portion 31 is different from that of the 
first embodiment.. The structure of the transmit power 
variation amount calculating portion 31 in the second 
embodiment is shown in Figure 7. Elements corresponding 
to tjhose of the transmit power variation amount calculating 
portion 31 in the first embodiment are marked with the same 
reference number. 

The likelihood determining portion 70 generates a 
controlling signal for selecting either "+ IdB (increase)", 

- lidB (decrease) " or "toggle portion 72 ( toggle operation) " , 
fori example, as a variation amount of the transmit power 
on jthe basis of the likelihood of the transmit power 
conirolling signal input from the transmit power 
controlling signal likelihood calculating portion 30 to 
outt)Ut the generated signal to the selector 71. An 
operation of the toggle portion 72 is shown in Figure 8. 

i The toggle portion 72 outputs IdB" in the case of 
thei input of IdB", and IdB" in the case of the input 
of r- IdB". An example of an operation of the likelihood 
determining portion 70 in the second embodiment is shown 
in iS'igure 9. The likelihood determining portion 70 outputs 
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to the selector 71 a controlling signal such that IdB" 
is gjelected in the selector 71, when the likelihood of the 
traiismit power controlling signal to be input exists within 
an area 100, which is a+ or more. Similarly, the likelihood 
5 determining portion 70 outputs to the selector 71 a 
controlling signal such that "toggle portion 12" is selected, 
wheA the likelihood of the transmit power controlling signal 
to be input exists within an area 101, which is a- or more 
and: less than a+ , and the likelihood determining portion 
10 70 oiutputs a controlling signal such that " - IdB" is selected, 
whe^ the likelihood of the transmit power controlling signal 
to lj)e input exists within an area 102, which is less than 
a- . i 

The selector 71 selects the transmit power variation 
15 amount in accordance with the controlling signal from the 
likelihood determining portion 70 to output the variation 
amotint to the transmit power calculating portion 19 shown 
in Figure 1. The operation thereafter to the transmission 
of the transmission signal from the antenna 10 is same as 
20 that of the fir st embodiment . 

An example of a. ahangd of transmit power of a mobile 
staltion in the case that a mobile station performs an 
operation in the second embodiment is shown as a solid line 
64 in Figure 10. As shown in Figure 10, the mobile station 
25 opetates so that the variation amount of the transmit power 
would repeat IdB' and IdB" alternately, during a time 
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103: in Which the likelihood of the transmit power 
controlling signal is a- or more and less than a+ 

Next, an operation of a mobile station of the third 
embodiment will be described. A structure of the mobile 
station in the third embodiment is shown in Figure 1 as same 
as ithe first, and second embodiments. In the third 
embbdiment, a structure of the transmit power variation 
amount calculating portion 31 is different from that of the 
first and second embodiments . The structure of the transmit 
pow^r variation amount calculating portion 31 in the third 
embodiment is shown in Figure 11- A likelihood- transmit 
pow^r variation amount converting portion 73 converts the 
likelihood of the transmit power controlling signal input 
from the transmit power controlling signal likelihood 
calculating portion 30 into the transmit power variation 
amoiant . An example of an operation of the likelihood- 
transmit power variation amount converting portion 73 is 
sho^n as a line 74 in Figure 12. In Figure 12, the 
likelihood- transmit power variation amount converting 
portion 73 outputs IdB", for example, to the transmit 
pow^r calculating portion 19 as a transmit power variation 
amoiint, when the likelihood of the transmit power 
controlling signal to be input is a+ or more. Similarly, 
the: likelihood- transmit power variation amount converting 
porition 73 outputs " - IdB" , for example, to the transmit 
powiar calculating portion 19 as a transmit power variation 
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amount, when the llkelinood of the transmit power 
controlling signal to be input is less than a-. The 
likelihood- transmit power variation amount converting 
portion 73 outputs a transmit power variation amount, which 
varies as shown as the line 74 in Figure 12, for example, 
to the transmit power calculating portion 19 in accordance 
with the likelihood of the transmit power controlling signal. 
The! operation thereafter to the transmission of the 
traiismission signal from the antenna 10 is same as that of 
the ; first embodiment . 

An example of a change of transmit power of a mobile 
station in the case that the mobile station performs an 
opeiration in the third embodiment is shown as a solid line 
65 in Figure 13, As shown in Figure 13, the mobile station 
controls the transmit power so that the variation amount 
of the transmit power would be a value smaller than "+ IdB" 
and;"- IdB" during the time 103 in which the likelihood of 
theitransmit power controlling signal is a- or more and less 
thap a+ . 

A structure of the mobile station in the fourth 
embodiment is shown in Figure 14. Elements corresponding 
to k structure of the mobile stations shown in Figures 32 
and. 1 are marked with the same reference number. The 
likialihood of the transmit power controlling signal 
calculated in the transmit power controlling signal 
lik'elihood calculating portion 30 is input to the transmit 
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pow^r variation amount calculating portion 31, as same as 
in the first embodiment. 

A structure, of the transmit power variation amount 
calculating portion 31 in the fourth embodiment is shown 
in Figure 15. The likelihood determining portion 130 
generates a controlling signal for selecting either "+ IdB 
(increase)" or IdB (decrease)", for example, as a 

variation amount of the transmit power on the basis of the 
likelihood of the transmit power controlling signal input 
from the transmit power controlling signal likelihood 
cal^julating portion 30 to output the generated signal to 
a sellector 131. An example of an operation of the likelihood 
determining portion 130 in the fourth embodiment is shown 
in jFigure 16. The likelihood determining portion 130 
outt)uts to the selector 131 a controlling signal such that 
lidB" is selected in the selector 131, when the likelihood 
of the transmit power controlling signal to be input exists 
within an area of 0 or more. On the other hand, the 
likelihood determining portion 130 outputs to the selector 
131;a controlling signal such that IdB" is selected, when 
the: likelihood of the transmit power controlling signal to 
be input exists within an area less than 0* The selector 
131: selects the transmit power variation amount in 
accbrdance with the controlling signal from the likelihood 
determining portion 130 to output the variation amount to 
the: transmit power calculating portion 19 shown in Figure 
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14- : The transmit power calculating portion 19 calculates 
theitransmit power of the mobile station as same as in the 
fir6t embodiment. 

The transmit power limiting portion 32 compares the 
transmit power calculated in the transmit power calculating 
portion 19 and the transmit power limit value calculated 
inside the transmit power limiting portion 32 to control 
the: transmit power of the mobile station. A structure of 
the I transmit power limiting portion 32 is shown in Figure 
17.: The transmit power input from the transmit power 
calculating portion 19 is input to a transmit power limit 
valtie calculating portion 90 and a comparing portion 91. 
An eixample of an operation of the transmit power limit value 
caieiulating portion 90 is shown in Figure 18, In the 
transmit power limit value calculating portion 90, the 
likelihood of the transmit power controlling signal input 
fro^ the transmit power controlling signal likelihood 
calculating portion 30 is first compared with thresholds 
p- and When the likelihood of the transmit power 

controlling signal cannot establish a relation ^ 
(likelihood) < P+ , that is. when the absolute value of the 
likelihood of the transmit power controlling signal is large . 
the; upper limit value TXPU of the transmit power and the 
lower limit value TXPL of the transmit power are updated. 
Acciording to this operation, the upper and lower limit 
valjaes. of the transmit power of the mobile station are 
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calculated when the absolute value of the likelihood of the 
trarismit power controlling signal is large, that is. when 
the i receiving quality of the transmit power controlling 
signal is good, while the upper and lower limit values of 
the Itransmit power of the mobile station are maintained when 
the ^absolute value of the likelihood of the transmit power 
controlling signal is small, that is, when the receiving 
quality of the transmit power controlling signal is bad. 
The comparing portion 91 shown in Figure 17 compares 
the Itransmit power input from the transmit power calculating 
portion 19 and the upper and lower limit values of the 
trarismit power input from the transmit power limit value 
calculating portion 90, The comparing portion 91 changes 
the itransmit power into TXPU to output it to the. transmit 
pow^r maintaining circuit 20 and the variable gain amplifier 
21 lihown in Figure 14, when the transmit power input from 
the Itransmit power calculating portion 19 is larger than 
theiupper limit value TXPU of the transmit power input from 
the; transmit power limit value calculating portion 90. On 
thei other hand, the comparing portion 91 changes the 
transmit power into TXPL to output it to the transmit power 
maintaining circuit 20 and the variable gain amplifier 2 1 
shown in Figure 14, when the transmit power input from the 
trahsmit power calculating portion 19 is smaller than the 
lower limit value TXPL of the transmit power input from the 
trahsmit power limit value calculating portion 90 , Further , 
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the comparing portion 91 outputs the transmit power input 
from: the transmit power calculating portion 19 to the 
transmit power maintaining circuit 20 and the variable gain 
amplifier 21 shown in Figure 14, as it is, when the transmit 
power input from the transmit power calculating portion 19 
is between TXPU and TXPL. The operation thereafter to the 
tran^smission of the transmission signal from the antenna 
10 i:s same as that of the first embodiment. 

: An example of a change of transmit power of a mobile 
station in the case that the mobile station performs an 
operation in the fourth embodiment is shown as a solid line 
£3 66 in Figure 19. As shown in Figure 19, the upper limit 

55 value TXPU and the lower limit value TXPL of the transmit 

ffi power of the mobile station are maintained at a certain value 

15 during the time 103 in which the liXelihood of the transmit 
power controlling signal is a- or more and less than a+ . 
In the example shown in Figure 19. the transmit power of 
thelmobile station is limited not so as to be less than the 
lower value TXPL of the transmit power during the time 103. 

in the fourth embodiment , the transmit power variation 
amount calculating portion 31 may have a structure shown 
in the first to third embodiments . 

A structure of a mobile station in the fifth embodiment 
is -shown in Figure 20. Elements corresponding to a 
sti^ucture of the mobile stations shown in Figures 32 and 
1 are marked with the same reference number . The likelihood. 
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of the transmit power controlling signal calculated in the 
transmit power controlling signal likelihood calculating 
portion 30 is input to the transmit power variation amount 
calculating portion 31, as same as in the first embodiment. 
5 The transmit power variation amount calculating portion 31 
may have any structure and operation of the transmit power 
variation amount calculating portion 31 described in the 
firsit to fourth embodiments. The variation amount of the 
tranismit power calculated in the transmit power variation 
10 amouint calculating portion 31 is input to the transmit power 
calculating portion 19. 

O i The transmit power calculating portion 19 calculates 

the 'transmit power of the mobile station as same as in the 

Cn fir^t embodiment. 

m 15 \ The transmit power calculated in the transmit power 

calculating portion 19 is input to a transmit power 
selecting portion 33 . The transmit power selecting portion 
33 Iselects the transmit power in accordance with the 
likelihood of the transmit power controlling signal input 
from the transmit power controlling signal likelihood 
calculating portion 30. 

A structure of the transmit power selecting portion 
33 im the fifth embodiment is shown in Figure 21. A 
likelihood determining portion 140 generates a controlling 
signal for selecting as the transmit power either the 
transmit power input from the transmit power calculating 
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portion 19 or th© transmit power input from a transmit power 
averiaging portion 142 on the basis of the likelihood of the 
tranlsmit power controlling signal input from the transmit 
powet controlling signal likelihood calculating portion 30 . 
and ^outputs the generated signal to a selector 141. An 
examipl© of an operation of the likelihood determining 
portion 140 in the fifth embodiment is shown in Figure 22. 
The : likelihood determining portion 140 outputs to the 
selector 141 a controlling signal such that the transmit 
power input from the transmit power calculating portion 19 
is selected in the selector 141, when the likelihood of the 
transmit power controlling signal to be input exists within 
an area 104. which Is y+ or more, or an area 106. which is 
less than y- , namely, when the receiving quality of the 
15 received transmit power controlling signal is good. On the 
othir hand, the likelihood determining portion 140 outputs 
to the selector 141 a controlling signal such that the 
traiismit power input from the transmit power averaging 
portion 142 is selected, when the likelihood of the transmit 
20 power controlling signal to be input exists within an area 
losl which is V- or more and less than y+ . namely, when the 
recteiving quality of the received transmit power 
controlling signal is bad. The selector 141 selects the 
transmit power in accordance with the controlling signal 
25 froin the likelihood determining portion 140 to output the 
transmit power to a transmit power maintaining circuit 20 
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and k variable gain amplifier 21 shown in Figure 20. The 
transmit power averaging portion 142 calculates an average 
valub of the transmit power to be input so as to output the 
average value to the selector 141. 

; The operation thereafter to the transmission of the 
tranlsmission signal from the antenna 10 is same as that of 
the ifirst embodiment. 

Next, an operation of a mobile station of the sixth 
embcidiment will be described. A structure of the mobile 
stat'ion in the sixth embodiment is shown in Figure 20 as 
same as that in the fifth embodiment. In the sixth 
embcidiment, a structure of the transmit power selecting 
portion 33 is different from that of the fifth embodiment. 
The structure of the transmit power selecting pprtion 33 
15 in the sixth embodiment is shown in Figure 23. A likelihood 
determining portion 150 generates a controlling signal for 
selecting as the transmit power either the transmit power 
inpviit from the transmit power calculating portion 19 or the 
transmit power input from an open loop transmit power 
20 calculating portion 152 on the basis of the likelihood of 
the! transmit power controlling signal input from the 
transmit power controlling signal likelihood calculating 
portion 30, and outputs the generated signal to a selector 
15lL An example of an operation of the likelihood 
25 detiermining portion 150 in the sixth embodiment is shown 
in ^Figure 24. The likelihood determining portion 150 
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outputs to the selector 151 a controlling signal such that 
the transmit power input from the transmit power calculating 
portion 19 is selected in the selector 151, when the 
likelihood of the transmit power controlling signal to be 
input exists within an area 107, which is 6+ or more, or 
an area 10 9 , which is less than 6- , namely, when the receiving 
quality of the received transmit power controlling signal 
is good. 

: On the other hand, the likelihood determining portion 
150 ioutputs to the selector 151 a controlling signal such 
that the transmit power input from the open loop transmit 
poweir calculating portion 152 is selected, when the 
likelihood of the transmit power controlling signal to be 
input exists within an area 108, which is 8- or. more and 
les^ than 6+ , namely, when the receiving quality of the 
received transmit power controlling signal is bad. The 
selector 151 selects the transmit power in accordance with 
the : controlling signal from the likelihood determining 
portion 150 to output the transmit power to the transmit 
pow4r maintaining circuit 20 and the variable gain amplifier 
21 shown In Figure 20, 

The open loop transmit power calculating portion 152 
use^ the receiving quality, the receiving power and the like 
of a channel different from the channel being used for a 
communication such as a perch channel in the W-CDMA mode, 
for. example, so as to estimate the attenuation amount 
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betw:een a mobile station and a base station, and calculates 
the -transmit power of the mobile station, which meets the 
receiving quality required in the base station. The open 
loop: transmit power calculating portion 152 outputs the 
calculated transmit power to the selector 151. 

The operation thereafter to the transmission of the 
trarismission signal from the antenna 10 is same as that of 
the Ifirst embodiment. 

A structure of a base station in the seventh embodiment 
is jshown in Figure 25, Elements corresponding to a 
structure of a conventional base station shown in Figure 
29 dre marked with the same reference number- A received 
signal is measured for SIR (SIRa to SIRn) per a mobile station 
(MSa to MSn) in the upstream channel SIR measuring portion 
221 to be input through signal lines 230a to 230n into an 
upstream channel transmit power controlling signal 
generating portion 250 as same as in the conventional base 
station . 

The upstream channel transmit power controlling 
signal generating portion 250 generates a transmit power 
controlling signal for MSa to MSn (referred to as TPCa to 
TPCn) on the basis of a comparison result between SIRa to 
SIRh and a target SIR, which ie given in advance from a 
controlling portion 501 for MSa to MSn (referred to as T-SIRa 
to T- SIRn) , and of RXa to RXn , which are a controlling signal 
showing whether a receiving operation is performed for a 



sign:al transmitted from the MSa to MSn and which are input 
from the controlling portion 501. The controlling portion 
501 iis further provided with a function for supplying the 
upstream channel transmit power controlling signal 
5 generating portion 250 with RXa to RXn, in addition to a 
function same as the controlling portion 500 of the 
conventional base station shown in Figure 29. When a normal 
communication is carried out between MSi (i = a, n) and 
the pase station, RXi (i a, n) is a signal whose content 
10 indicates that a receiving operation is going on for the 
signal transmitted from MSi- On the other hand, when a 
nornjal communication cannot be maintained between MSi and 
the ibase station due to an influence of such as being in 
rp Shade, so that the base station stops receiving, a signal 

|U 15 from MSi, RXi is a signal whose content indicates that the 



receiving operation is not performed for the signal 
transmitted from MSi. 

A structure of the upstream channel transmit power 
controlling signal generating portion 250 is shown in Figure 
20 26 . : The upstream channel transmit power controlling signal 
generating portion 250 comprises transmit power controlling 
signal generating portions 250a to 250n whose inputs are 
SIRi, T-SIRi and RXi and whose outputs are TPCi. The added 
character ''i" denotes one of characters "a" to "n" . A 
25 structure of a transmit power controlling signal generating 
portion 250i is shown in Figure 27. A comparator 2541 
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compiares SIRi input through a signal line 230i and T-SIRi 
to generate a signal that selects 0 (a signal instructing 
to diecrease the transmit power) in a selector 2511 in the 
case of SIRi & T-SIRi, and a signal that selects 1 (a signal 
instructing to increase the transmit power) in the selector 
2511' in the case of SIRi < T-SIRi. The selector 251i selects 
0 or: 1 in accordance with an output from the comparator 254± 
to output it through a signal line 252i to a selector 2531. 
The selector 2531 determines the transmit power controlling 
signal TPCi in accordance with the signal RXi indicating 
whether a receiving operation is going on or not. An 
operation of the selector 253i is shown in Figure 28, The 
selector 253i selects a signal input as the transmit power 
controlling signal TPCi through a signal line 2^21, when 
RXi is a signal indicating that a receiving operation is 
goiiig on. On the contrary, the selector 2531 selects 0 (a 
signal instructing to decrease the transmit power) as the 
transmit power controlling signal TPCi when RXi is a signal 
indicating that a receiving operation has been stopped. 

The transmit power controlling signals TPCa to TPCn 
for iMSa to MSn generated in the above method are input through 
signal lines 231a to 231n into frame forming portions 225a 
to 225n to take processes similar to the case of the 
conventional base station before being transmitted from the 
antenna 210. 

A mobile station according to the invention does not 
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cause an error in controlling the transmit power even in 
tne (base of receiving the transmit power controlling signal , 
whidh includes an error in receiving • That is , transmission 
at excessive transmit power due to incorrect control or 
out-of control can be prevented, so that the number of 
subscribers contained in a system can be increased, compared 
with the conventional case. Further, the power supply of 
a mobile station can be saved since the transmission is not 
carried out at excessive transmit power. 

According to the radio base station according to the 
invention, it can be possible to prevent a mobile station 
from transmitting at excessive transmit power by 
controlling the mobile station not to transmit an improper 
transmit power controlling signal after stopping a 
receiving operation for the signal to be transmitted- Thus, 
deterioration of the communication quality due to an error 
in controlling power can be avoided and the subscriber 
capacity of a whole system can be significantly improved. 
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